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Salt marshes support diverse and abundant popula-
tions of creatures that swim; these organisms are collectively
called nekton and include fishes and many types of inver-
tebrates.  This chapter focuses on fishes and crabs that
occupy estuarine wetlands.  Salt marshes support most life
stages of fishes and crabs, which are essential components of
the food web and represent a large proportion of the total
animal biomass and biological diversity in a marsh.  Some
species spend only a small portion of their lives in salt
marshes, whereas others rarely ever leave.  Mummichogs and
fourspine sticklebacks are two species that reside in marshes
throughout their lives and contribute to the environmental
condition of near shore environments.  Transient species use
salt marshes during critical development periods such as
spawning or juvenile rearing and are important seasonal
components of salt marsh condition.  Transients include
forage species such as the Atlantic silverside, and commer-
cial and sport species such as winter flounder and blue crab.

It is challenging to sample nektonic organisms because
their distribution and abundance varies greatly throughout
the marsh and over time.  The use of salt marshes by fishes
and crabs can vary from tide to tide, marsh to marsh,
species to species, and year to year.  Even meteorological
events such as a full moon or new moon will influence what
you are likely to find in a salt marsh.  Unlike plants or benthic
invertebrates, nektonic animals are highly mobile and diffi-
cult to capture.  Despite these challenges, fishes and crabs
are fun to study and learn about, can be important indica-
tors of salt marsh condition, and in many cases are the
impetus for marsh restoration (Burdick et al. 1999).

Scientists do not fully understand the influence of marsh
degradation on fishes and crabs, though they continue to
investigate this important topic.  Tide restrictions may alter
fish and crab communities by reducing habitat availability,
accessibility, and quality on the restricted side.  Many
species are sensitive to changes in dissolved oxygen, salin-
ity, and nutrient levels that result from pollution and
surface runoff.  Changes to salt marsh vegetation resulting
from upland human disturbance, alterations to natural
hydrology, or invasive species may affect fishes or crabs
that require native or natural plant communities.

This chapter provides volunteer monitors with the tools
and instructions necessary to monitor the presence and rela-
tive abundance of fishes and crabs in submerged salt marsh
habitats, and investigate differences between different sites.
Submerged salt marsh habitats include tidal creeks, chan-
nels, near shore embayments, and salt ponds that are
completely underwater during all tidal cycles (or during
the majority of low tide).  This chapter does not provide
instructions for monitoring high marsh habitats, which
requires different methods and equipment.

EQUIPMENT

There are a variety of equipment and methods used to
collect salt marsh fishes and crabs, each suitable for differ-
ent conditions, habitats, and target organisms.  This chap-
ter describes the equipment and methods required to use
minnow traps and bag seines.  Table 1 lists the equipment
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you will need for both methods and general equipment that
you will need regardless of the method you use.  The follow-
ing section, “Sampling Methods,” describes and compares
different methodology for collecting fishes and crabs in
estuarine wetlands.

SAMPLING METHODS

The goals and objectives of your study should dictate
your sampling methods.  Project leaders should examine a
variety of methods that will effectively
achieve monitoring objectives.  One
method will not characterize the entire fish
and crab community or populations,
rather a combination of methods are used
to sample particular marsh habitats.
Initially, monitoring efforts will usually
attempt to gather baseline information
on species presence and relative abun-
dance to evaluate potential differences
between reference and study sites and
allow evaluation of monitoring tech-
niques.  Volunteers can easily obtain quali-
tative information about common marsh

species (Burdick et al. 1999).  Quantitative estimates are
possible as volunteers gain experience with salt marsh
sampling.  Innovative ideas for sampling fishes and crabs
are encouraged because of the variety of organisms that are
encountered and the variety of environmental conditions
that exist within and between evaluation areas.

Table 2 lists the advantages and disadvantages of differ-
ent types of equipment and methods.  Equipment and
sampling methods will influence the amount of area that
can be sampled, the ease of taking multiple samples at dif-

ferent locations or dates, catch efficiency
(the success of collecting species in an
area), and catch stability (the success of
collecting species at different locations
or times).  Rozas and Minello (1997)
present a discussion of the relative
merits of different sampling gear.

This manual recommends the use
of minnow traps and haul seines.  Min-
now traps and haul seines are effective
for collecting fishes and crabs and are
widely used in marsh monitoring because
they are easy to deploy and retrieve,
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TABLE 1. EQUIPMENT FOR NEKTON SAMPLING

Caution!
Salt marshes can present a
variety of challenges that
affect seine efficiency.  It is
difficult to seine creeks that
are deep or have a strong
current, and can be danger-
ous  for volunteers.  In poten-
tially dangerous situations,
samples should be collected
when conditions are less
severe, or not at all.
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sampling is repeatable, and start-up cost is relatively low.
Minnow traps are easy to use, and catch efficiency can be
stable if traps are placed in appropriate locations.  Minnow
traps will effectively catch killifishes (such as mummichogs)
and lower numbers of other resident and transient species
(such as sticklebacks and American eel).  Catch stability is
low with seines, but seines can capture a variety of fish and
crab species in a sample area.  Both techniques are easy to
learn, and as volunteers become more familiar with the gear,
catch efficiency and stability will increase.

Fishes and crabs can be sampled year-round, but this
manual recommends June to September.  Greater collection
frequency improves the rigor of the data.  Tidal stage and
water level influence catch efficiency and species presence,
so all sampling should occur at similar tidal stages or tidal
cycles.  Once you select sample stations, you should mark
their locations with stakes or flagging, or record their posi-
tion using high-accuracy GPS receivers (such as differential
GPS).  Use the same sample stations for the duration of the
study to reduce variability in fish and crab communities
caused by small-scale variability of habitat conditions.  The
following section describes the steps in collecting minnow
trap samples and haul seine samples.

Collecting Minnow Trap Samples

1. You will need a total of six minnow traps for each
sampling date — three for the study site and three
for the reference site.

2. Place three minnow traps in the study and reference
area (six total traps).  The traps are equally spaced
along the study and reference gradient; that is, for a

100 meter stretch, traps are located at 0m, 50m, and
100m.

3. Position the traps at the edge of the tidal creek, and
be sure that they are completely submerged at low
tide.

4. Place weight (rocks work well) in the traps so they
will sink and remain on the bottom.

5. Deploy minnow traps for a specific tidal cycle (i.e.,
low tide to high tide or low tide to low tide).  The
soak time (hours in the water) corresponds to the
tidal cycle and standardizes catches to time.  Do not
leave traps in the water if water subsides below trap
at low tide.

6. Retrieve the traps and empty individual traps into
individual buckets of water.

7. Process the sample (see below).
8. Take water quality readings at deployment and

retrieval (see below).

Collecting Bag Seine Samples

1. You will collect six seine samples for each sampling
date — three for the study site and three for the
reference site.

2. Seine stations are equally spaced along the reference
and study tidal creek.  Identify the stretch of creek to
survey and fix study and reference stations.  Do not
overlap stations.

3. Collect seine samples at the same tidal stage.  Take
samples during a moving tide (i.e., flood or ebb).
This reduces the effects of tide on the composition
and relative abundance of fishes and stabilizes seine
efficiency.

TABLE 2. ADVANTAGES AND DISADVANTAGES OF DIFFERENT SAMPLING METHODS
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4. Seining requires a minimum of three people.  One
person handles the stop net and two people handle
the seine.

5. Make sure that sufficient weights are attached to the
bottom of the seine so that the net drags along the
bottom.

6. Place the stop net at the upstream end of your sample
location.

7. Begin seining 10 meters downstream from the stop
net and pull the seine upstream toward the stop net.

8. Haul the seine onto the marsh surface (out of the
creek).  Grab the bottom line to prevent creatures
from escaping under the net as you pull the net out
of the creek.

9. Place fishes and crabs from the bag seine into a bucket
of water.

10. Process the sample (see below).
11. Take water quality readings prior to each seine (see

below).

Sample Processing & Water Quality Measurements

Follow these steps for both the minnow trap samples
and bag seine samples.  However, if you collect large num-
bers (>40) of particular species you should also follow the
sub-sampling procedure outlined below.

1. For each sample, identify all fishes and crabs to
species and count the numbers of each species.

2. Measure length of each organism to the nearest
millimeter.  You should measure standard length (SL)
of fish and carapace length of crabs (CL) (Figure 1).

3. Weigh each species to nearest gram.  For example, if
you have 10 blue crabs then you would weigh all 10
together to determine the aggregate weight.

4. Note any external abnormalities, such as skin lesions
or parasites.

5. Return creatures to the water as soon as possible to
limit mortality.

FIGURE 1. MEASURING CARAPACE LENGTH AND STANDARD LENGTH
Carapace length of crabs is the straight line distance of the widest portion of the crab carapace, as
shown.  Standard length of fish is the straight line distance from the tip of the snout to the posterior
end of the vertebral column, as shown.
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6. Collect water quality information (i.e., water tem-
perature, salinity, and dissolved oxygen) at deploy-
ment and retrieval of traps and prior to seine samples.

7. If you have the equipment and resources, you may
decide to collect additional water quality parameters
such as pH and turbidity.

Sub-Sampling Procedure

Use this procedure if you collect greater than 40 indi-
viduals of any particular species. Sub-samples are a small
but representative number of individuals randomly selected
from a larger sample.  It is important that the sub-sample is
representative of the entire sample; that is, the length range
of the species is represented in the sub-sample.  Sub-sam-
pling reduces processing time of large catches.

1. Separate the entire sample by species.  Put species
collected in large numbers in separate buckets.

2. Use the net to randomly capture 40 fish from the
bucket containing the entire individual species catch.

3. You need to measure at least 40 individuals of any
species that you sub-sample.

4. Weigh the entire sample of a particular species (not
the sub-sample), and weigh the sub-sample.  Note
the sub-sample weight on the data sheet.

5. The proportion of sub-sample weight to total weight
is used as an expansion factor.  The expansion factor

is the calculation derived from the sub-sample to the
entire sample (i.e., a sub-sample of 40 fish weighs
10g; entire sample weighs 20 g; 10g to 20g is an
expansion factor of 2; length measurements and
relative abundance is doubled from the sub-sample).

Identification & Taxonomy

Excellent identification references include Bigelow and
Schroeder 1953, Robins and Ray 1986, Weiss 1995, Murdy
et al. 1997, and Pollock 1998.  The volunteer coordinator
should be familiar with common species to demonstrate
distinguishing characteristics to volunteers.  Table 3 lists fish
and crab species commonly encountered in New England
salt marshes, and provides information about habitat use
and environmental preferences.  Figure 2 shows important
morphological characteristics that you will need to identify
fish.

DATA ENTRY

Investigators should use a separate field data sheet for
each sample.  If groups use both minnow traps and bag seines,
they will need 12 field data sheets per sample date (2 meth-
ods x 3 samples per method x 2 evaluation areas).  The stan-
dard field data sheet is organized to clearly distinguish study
sites, sampling stations, and individual samples.  A blank

FIGURE 2. IMPORTANT MORPHOLOGICAL CHARACTERISTICS USED TO IDENTIFY FISH



6-6

Fi s h e s  and  Crab s

S SEICEP T STIAR

C NOMMO N EMA S CIFITNEIC N EMA SER ART ERF ARB RAM ANA TAC

efiwelA sugnerahoduespasolA X X X X X

leenaciremA atartsoralliugnA X X X X X

dahsnaciremA amisssidipasasolA X X X X X

gnirrehcitnaltA sugnerahaepulC X X X X

edisrevliscitnaltA aidinemaidineM X X

docmotcitnaltA docmotsudagorciM X X X X X

kcabelkcitsdettopskcalB iidnaltaehwsuetsoretsaG X X X

barceulB sudipassetcenillaC X X X

gnirrehkcabeulB silavitseaasolA X X X X X

kcabelkcitsenipsruoF sucardauqsetlepA X X X X

barcneerG saneamsunicraC X X X

gohcimmuM sutilcoretehsuludnuF X X X X

kcabelkcitsenipseniN suitignupsuitignuP X X X

hsifepipnrehtroN sucsufsuhtangnyS X X X

tlemswobniaR xadromsuremsO X X X X X

hsifillikretawniaR avrapanaicuL X X X

lennugkcoR sulennugsilohP X X

wonnimdaehspeehS sutageiravnodonirpyC X X X X

hsifillikdepirtS silajamsuludnuF X X X X

sehsifnuS .ppssimopeL X X

kcabelkcitsenipseerhT sutaelucasuetsoretsaG X X X X

tellumetihW amerucliguM X X X

hcrepetihW sunaciremaenoroM X X X X

rednuolfretniW sunaciremasetcenoruelpoduesP X X X

TABLE 3. COMMON SALT MARSH FISHES AND CRABS AND IMPORTANT TRAITS
Abbreviations: RES = Resident, TRA = Transient, FRE = Freshwater, BRA = Brackish, MAR = Marine, ANA = Anadromous,
CAT = Catadromous.

standard field data sheet is provided in Appendix 1 of this
chapter.  Volunteers should follow the format provided in
this manual, though project leaders can modify data sheets
according to their specific needs.

On every field sheet it is extremely important to record
exactly where, how, and when the samples were collected.
The field sheet also contains all field measurements and site-
specific environmental conditions.  Investigators should
neatly and thoroughly fill out field forms to ensure that no
critical information is omitted.  It is always frustrating to

return to the office or laboratory after a long day in the
field and realize that you forgot to record important
information!

In the office, investigators should transfer information
on field data sheets into a computer spreadsheet such as
Microsoft Excel.  An example of a typical spreadsheet is
provided in Table 4.  As with the field data sheets, you can
customize the spreadsheet according to the specific require-
ments of your project.
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TABLE 4. EXAMPLE DATA ENTRY SPREADSHEET
The top portion is for site data, physical data, and chemical data.  The bottom portion is for biological data.  This table only shows biological data for Station 0
at the reference site, and a complete spreadsheet would be longer to include both trap and seine samples from three stations at the study site and reference site.

etaD etiS aerA noitatS emiT ediT )C(pmeT )tpp(laS )l/gm(OD Hp )m(htpeD etartsbuS

00-luJ-6 HF feR 0 0301 1 42 82 8.6 4.7 4.1 duMtfoS

00-luJ-6 HF feR 05 0401 1 42 72 8.6 7 1.1 duMtfoS

00-luJ-6 HF feR 001 0501 1 42 82 8.6 4.7 8.0 duMtfoS

00-luJ-6 HF ydutS 0 0011 1 52 42 5.4 8.6 2.1 duMtfoS

00-luJ-6 HF ydutS 05 0111 1 42 02 8.3 7.6 1 duMtfoS

00-luJ-6 HF ydutS 001 0211 1 62 22 4.4 7.6 3.1 duMtfoS

stiarTseicepS

aerA noitatS elpmaS seicepS )mm(LS )g(thgieW ytilamronbA SER ART ERF ARB RAM ANA TAC

feR 0 parT kcabelkcitSenipseerhT 0 1 1 1 1 0 0

feR 0 parT gohcimmuM 1 0 1 1 1 0 0

feR 0 parT gohcimmuM 1 0 1 1 1 0 0

feR 0 parT gohcimmuM 1 0 1 1 1 0 0

feR 0 enieS edisrevliScitnaltA 0 1 0 0 1 0 0

feR 0 enieS edisrevliScitnaltA 0 1 0 0 1 0 0

feR 0 enieS edisrevliScitnaltA 0 1 0 0 1 0 0

feR 0 enieS gnirreHkcabeulB 0 1 1 1 1 1 0
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DATA ANALYSIS AND COMPARISON

Relative abundance, biomass, species composition, spe-
cies richness, life history characteristics, and fish condition
are variables that describe the composition and quality of
fish and crab communities.  A short description of each vari-
able along with instructions on how to compute these vari-
ables from your data is provided below.  These variables can
be important indicators of wetland condition, but generally
only if the data is collected using a rigorous sample design
that includes multiple samples taken over space (replicate
samples within a marsh or across several marshes) and time
(replicate samples at different seasons and years).  This chap-
ter provides the means to describe fish and crab communi-
ties, identify communities that are potentially impaired, and
compare study sites and reference sites.

The methods described in this chapter will not allow
investigators to estimate population size, or completely
characterize a fish or crab community.  This is because
environmental conditions vary tremendously over time and
space, and in order to completely quantify and characterize
the biological community you would have to collect a large
number of samples using several different methods during
several consecutive years.  Although the goal of most moni-
toring projects is to understand the effects of human influ-
ence on salt marshes, volunteers should understand that it is
difficult — but not impossible — to collect rigorous and
meaningful data on fish and crab communities.  Pay atten-
tion to sampling details, such as trap location and tidal stage,
and monitoring data will improve the description of the salt
marsh community and provide the means to evaluate
human impacts.

Relative Abundance

Relative abundance is used to compare catch per unit
effort (CPUE) between sites.  CPUE is a standardized catch
(number or weight of organisms) for a
sample.  Since the number of organisms cap-
tured will depend on seine haul length or
minnow trap soak time, volunteers must
standardize catches so that different samples
are comparable.  One way to standardize
samples is to define start/end points of seine
samples and deployment/retrieval times of
minnow traps.

• Bag Seine CPUE:  # Organisms per
10-Meter Haul

• Minnow trap CPUE:  #Organisms per Trap (given
equal soak time)

Relative abundance is the average CPUE in a sample
area, which is either the study site or the reference site.  The
average (or mean) is the sum of all organisms in a sample
divided by the sum of the number of samples.  Volunteers
can use relative abundance to make a variety of compari-
sons,  including:

• Total number of fishes for study site and reference
site samples.

• Total crabs for marsh, study, and reference samples.
• Species of interest for marsh, study, and reference

samples.

In addition to computing average values, it may be
useful to examine data variability within each site.  For
instance, in Table 5 the average relative abundance of

S YDUT S ETI R ECNEREFE S ETI

S NOITAT ENIES PART ENIES PART

0 0.43 0.21 0.652 0.11

05 0.86 0.3 0.16 0.71

001 0.14 0.43 0.44 0.32

latoT 0.341 0.94 0.163 0.15

egarevA 7.74 3.61 3.021 0.71

TABLE 5. RELATIVE ABUNDANCE EXAMPLE

American Eel
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organisms caught using bag seines is almost 2.5X higher
in the reference site than the study site, yet the large number
of organisms caught in Sample 1 accounts for virtually all
of this difference.  Sample 1 may contain a large number
of schooling fish (e.g., blueback herring).  The schooling
fish may be collected in one sample or quickly move out of
the sample area after the first sample.  Volunteers should
note the large difference between the study site and refer-
ence site and attempt to explain the difference.  Overall,
higher relative abundance usually indicates favorable condi-
tions.  Volunteers should also look at the relative abundance
of taxa that are reliable indicators of environmental condi-
tions, invasive species, or other taxa of interest.

Biomass

Biomass is the combined weight of all creatures or
weight of a species in a sample.  The justification, computa-
tion, and analysis for biomass are identical to that for
relative abundance.  The reason that scientists compute
both relative abundance and biomass is because organ-
isms and life history stages have vastly different biomass,
and the number of individuals may not reflect the overall
importance of a species in a community.  Consider this
example: you collect 1000 juvenile Atlantic silversides in
a sample and the aggregate weight is eight grams.  In the
same sample, you collect 10 American eel with an aggregate
weight of 80 grams.  If you only computed relative abun-
dance, you would conclude that Atlantic silverside are
extremely important because they are 100X more abundant
than American eel.  However, the eel biomass is 10X greater
than silverside biomass in the sample.  Collectively, relative

abundance and biomass provide a good overall indication
of the size and composition of a community.

Species Richness

Species richness is the number of species collected in a
sample area.  Calculate species richness for the salt marsh,
study, and reference area.  Salt marsh quality may be related
to species richness.  High species richness may indicate a
diversity of habitat features and valuable habitat quality.

Community Composition

It is important to know what species comprise a com-
munity because the environmental tolerance, life history
traits, and ecology of different species provide clues about
salt marsh condition.  The list of common salt marsh fishes
and crabs in Table 3 lists some important traits of each taxa
that volunteers can use to determine community composi-
tion.  Table 6 provides an example of how to display
community composition data.  The percent composition of
different groups or species in a sample is computed using
the following formula:

% Composition of Species A =
(# of Species A in Sample / # of Individuals in Entire Sample)
x 100

Volunteer groups may be interested in determining the
percent composition of several different species or species
groups.  Some useful species groups are defined by their
environmental tolerance, such as freshwater species,

Striped Killifish

Sheepshead Minnow
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S YDUT S ETI R ECNEREFE S ETI

S SEICEP R YCNEDISE T ECNARELO REBMUN TNECREP REBMUN TNECREP

gohcimmuM SER M,B,F 071 5.88 422 4.45

edisrevliscitnaltA ART M 5 6.2 511 9.72

leenaciremA ART C 6 1.3 51 6.3

kcabelkcitsenipseerhT SER M,B,F 11 7.5 03 3.7

gnirrehkcabeulB ART A 0 0.0 82 8.6

latoT 291 001 214 001

TABLE 6. COMMUNITY COMPOSITION EXAMPLE
Abbreviations for the column “Residency” are: RES = Resident and TRA = Transient.  Abbreviations for the column
“Tolerance” are: F = Freshwater, B = Brackish, M = Marine, C = Catadromous, A = Anadromous.

LS A )mm(EGAREV RLS )mm(EGNA

S SEICEP YDUTS FER YDUTS FER

edisrevliscitnaltA 7.65 0.85 67-51 67-02

hsifillikdepirtS 2.44 2.54 55-31 26-51

gohcimmuM 2.93 6.54 74-52 56-0.9

leenaciremA 5.58 8.59 69-07 011-86

)LC(barceulB 8.95 8.57 521-31 08-56

)LC(barcneerG 8.94 4.05 86-41 27-41

TABLE 7. LIFE STAGE (STANDARD LENGTH) EXAMPLE

brackish species, or marine species.  A change in the percent
composition of these groups may provide clues about tidal
restrictions, altered salinity regimes, or freshwater intrusion.
Other species groups include marsh residents or transient
species.  In addition, project leaders may examine the
percent composition of other species or groups according
to the particular needs of their study.

Life History Characteristics

Fish and crab size (i.e., SL and CL)
indicates how different life stages use salt
marshes.  Certain fish species inhabit marshes
during juvenile, adult, or spawning stages.
The presence of juvenile fishes, for example,
indicates that a marsh is functioning as a
nursery.  A large size range of a particular
species usually indicates that the species

exists in the marsh for its entire life cycle, whereas a narrow
size range usually indicates that the species only uses the
marsh for a portion of its life cycle.  Marshes that support
the development of a species from egg to spawning adult
are usually considered healthy and productive.

Spotfin Killifish

Mummichog
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Volunteers should compute the average, range, and
frequency distribution of SL (fish) and CL (crabs) to repre-
sent life history characteristics of the community.  Volun-
teers should compute statistics for individual species (not
the entire sample) and should first combine the data into
two groups: the reference site and study site.  Table 7 shows
example data for SL averages and ranges, and Figure 3 shows
a table and bar graph of frequency distribution.

Fish Condition

The presence of abnormalities, such as parasites, skin
lesions, fin rot, and mutation, may indicate degraded envi-
ronmental conditions.  Volunteers should record the
presence and type of abnormality on each species and
include this information with their report.  A simple table
resembling Table 8 is suitable for this purpose.

S SEICEP
T FOEPY

A YTILAMRONB
I% HTIWSLAUDIVIDN
A YTILAMRONB

S% HTIWSEICEP
A YTILAMRONB

hsifillikdepirtS toRniF 6 5.6

snoiseL 31 0.41

gohcimmuM snoiseL 4 9.8

wonnimdaehspeehS snoiseL 7 2.92

03:seitilamronbAhtiwhsiFforebmuNlatoT
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TABLE 8. FISH CONDITION EXAMPLE

FIGURE 3. LENGTH FREQUENCY EXAMPLE
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